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The intramolecular condensation reaction of coordinated aminoacetaldehyde and 1,4,7,10-tetraazadecane (trien) 
has been reinvestigated. The structure of the product, an imine-containing cobalt(ni) complex, has been corrected; 
and this, together with the isolation and characterisation of carbinolamine intermediates, has allowed a modified X 
mechanism to be proposed for the reaction. The isolated carbinolamines result from condensation of the aldehyde 
with the most acidic coordinated amine (trans to the chloride ligand). The carbinolamines are unable to dehydrate 
to form an imine product until after they have undergone a rearrangement of the coordination sphere to a 
geometry that will allow a planar imine to form. 




Introduction 

Photodecarboxylation reactions of amino acids coordinated to 
cobalt(m) have been shown , to give rise to metallacyclic prod- 
ucts. 1,2 Unfortunately, the low stability of many of the resulting 
complexes has prevented detailed study of their chemistry. We 
have shown recently that incorporation of the initial amino acid 
fragment into a polydentate ligand leads to metallacycles of 
enhanced stability being produced in the photolysis reactions.^ 
We have therefore undertaken a series of studies with the aim of 

• synthesising cobalt(ra) complexes of polydentate amino acids. 
These complexes would be good candidates for the photo- 
chemical preparation of cobalt complexes containing relatively 
stable three-membered Co-N-C metallacycles. 
One of the proposed synthetic routes to the polydentate 

1 complexes makes use of intramolecular condensation reactions 
between a polyamine ligand and a keto acid ligand such as 
pyruvate. Reduction of the resulting imino acid complexes 
should produce amino acid complexes of the kind desired. A 
condensation reaction of coordinated pyruvate has been 
reported, but this involved reaction with an ammine ligand 
rather than a polyamine. 1 There are also a number of examples 
reported in which other carbonyl containing ligands have 
undergone condensation reactions with a polyamine ligand. 4 

In particular, Sargeson's group have reported the synthesis of 
a range of polydentate ligands via condensation reactions with 
aminocarbonyl ligands. 4 * ' This work was an extension of the 
chemistry first developed with the synthesis of [Co(trenenim)- 
Cl] 2+ (l). 4 " These latter reactions demonstrated that high regio- 
selectivity can be obtained. Such selectivity would be highly 
desirable in our systems, in order to reduce the number of 
isomers that might be produced. 

N | NH 2 
1 

The observed regio selectivity was attributed to the difference 
in the acidity of protons on the coordinated primary amines. 40 

t Electronic supplementary information (ESI) available: crystal data 
tables. See http://www.rsc.org/suppdata/dt/bl/bl04976n/ 

DOI: 10.1039/bl04976n 



In the synthesis of 1, the condensation occurred only with the 
primary amine trans to the chloride ligand. The protons on the 
coordinated amine trans to the chloride ligand are more acidic 
than those on the other coordinated primary amines. The 
nucleophile resulting from this deprotonation will therefore 
have a greater opportunity to trap the carbonyl group. 

We considered also that the preferred planarity of the result- 
ing imine group might prevent the formation of some stereo- 
isomers in our systems, as the imine donor should enforce 
meridional coordination on the imine and the two adjacent 
donor atoms. In such cases the elimination of water from 
the intermediate carbinolamine would be a facile process. A 
carbinolamine complex might" be the expected product from 
systems where the intramolecular reaction does occur but 
where the subsequent elimination of water is prevented. Such 
a product has been seen from this kind of condensation 
reaction. 4 * 

The reported isolation of a complex, 2, in which the imine 
nitrogen atom and the two adjacent amine donors were 
proposed to adopt a facial geometry, appeared to be a counter- 
example. 4 * This complex resulted from an intramolecular 
condensation reaction between one of the primary amines of 
the trien ligand (1,4,7,10-tetraazadecane) and coordinated 
aminoacetaldehyde (Scheme 1). 

The structural assignment of this complex was based on 
several factors: comparison of its spectral data with those 
of the limited number of related compounds; identification of 
the known polyamine complexes that resulted from the boro- 
hydride reduction of the imine complex; and consistency of the 
structural assignment with the proposal that such condens- 
ations should occur with the coordinated amine that is trans to 
the chloride ligand. The indirect nature of the evidence on 
which the structural assignment was based, together with the 
importance of the stereochemical consequences for the keto 
acid condensation reactions that we wished to study, lead us to 
conclude that this system warranted reinvestigation. 

A large number of stereoisomers may exist for many of the 
compounds described in this paper. The stereoisomers are 
identified using the nomenclature of Hartshorn and House, 10 in 
which the descriptors that define the wrapping of polydentate 
ligands around an octahedral metal are given as prefixes. The 
descriptors m and / indicate meridional and facial ligand 
segments respectively, while a and s (as subscripts) indicate the 
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location of substituents on coordinating atoms (ami or syn to 
other donor atoms of the polydentate Jigand). 

Experimental 
Materials and methods 

#-[Co(trien)ClJCl was prepared according to literature 
methods. 5 Reagent grade reagents and solvents were obtained 
from commercial sources and used without further purification 
for ail syntheses unless stated. Dowex 50WX2-400 cation 
exchange resin was used for chromatographic separations. 
Column dimensions are given as height x diameter. Concen- 
tration of solutions by removal of solvent was carried out at 
reduced pressure in a Buchi rotary evaporator equipped with a 
' water aspirator and water bath (<40 °C). 

Measurements 

'H and 13 C NMR spectra were recorded on a Varian VXR300 
spectrometer using 3-(trimethylsilyl)propane-l -sulfonic acid, 
TMPS ( J H, 5 0), or 1,4-dioxane ( ,3 C, 3 67.19) as an internal 
standard and dilute DC1 (=0.01 M, 99% D) as the solvent. 
Infrared spectra were run on a Shimadzu FTIR-8201PC using 
KJBr disks. A Hewlett Packard 8452A spectrophotometer was 
used to record the UV-visible spectra in 1 mM HC1 and the data 
are reported as X m Jnm (e^JL mol" 1 cm" 1 ). Elemental analyses 
were performed by the University of Otago Microanalytical 
Service. 

Syntheses 

/mrtCoCtrienJCNH.CH.CHfOCH.CHJJCllBrj-O.SHjO.This 
complex was prepared according to the literature method. 4 * 
I3 C NMR spectrum: 3 101.1 (CH), 65.0 (CH 2 CH 3 ), 64.7 (CH 2 - 
CH 3 ), 54.7, 54.3, 51.4, 50.6 (CH 2 NHC), 47.7 (CH 2 CH 2 NH 2 ), 
46.2 (CH 2 CH), 41.6 (CH.CH^H,), 15.0 (2x) (CH 3 ). 

M-tCoCtrienXNH^HjCHfOHO^CIlCl,. This complex was 
prepared according to the literature method. 4 ' ,3 C NMR in 
dilute DCI: 3 88.6 (CH), 54.8, 54.4, 51.6, 50.6 (CH 2 NHC), 49.0 
(CH 2 CH), 47.7 (CH 2 CH 2 NH 2 ), 41.9 (CH.CH.NH,). 

Preparation of m#-[Co(tetraenim)Cl] 2+ and carbinolamine 

compIexes./m r [Co(trien)(NH 2 CH 2 CH(OH) 2 )Cl]Cl 2 (6.25 g) was 
dissolved in H 2 0 (120 mL) and the resulting solution was main- 
tained at pH 6.2 ± 0. 1 for four hours, using aqueous pyridine 
(0.1 M), according to the literature method. 4 ' The volume was 
made up to 500 mL with H 2 0 and adsorbed onto an H + -form 
Dowex 50WX2-400 column (14 x 3 cm). The column was 
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initially eluted with ^\>us hydrochloric acid (0.5 M) to 
remove cobalt(n). ThcVefiion regime of the literature method 
was then followed to remove a red band and an orange band 
with some decomposition material remaining on the column! 
These bands were taken to dryness on a rotary evaporator at 
80 °C, in accordance with the literature method. The residues 
from both bands were mixed and made up to 1 L with aqueous 
hydrochloric acid (0.01 M). This solution was adsorbed onto an 
H + -form Dowex 50WX2-400 column (41 x 5.5 cm) and eluted 
with aqueous hydrochloric acid (1 M). Two red bands eluted. 
The second band (B) contained a significant majority (>95%) 
of the material. Both bands were taken to dryness on a rotary 
evaporator and shown to be mixtures (by NMR spectroscopy). 
The residue from the second band (B) was dissolved in aqueous 
hydrochloric acid (0.01 M, 600 mL) and adsorbed onto an SP 
Sephadex C25 column (128 x 3.5 cm) prewashed in aqueous 
hydrochloric acid (0.01 M). Elution with aqueous acidified 
Na 2 S0 4 {Na 2 S0 4 (0.1 M) + HC1 (0.01 M)} developed three red 
bands (Bl, B2 and B3), followed by an orange band (B4). These 
bands were collected, adsorbed separately on short H + -form 
Dowex 50WX2-400 columns, eluted with HC1, and taken to 
dryness. This procedure separated the complexes from the 
Na 2 S0 4 . Anation of the orange band (B4) by removing the 
HC1 at 80 °C using a rotary evaporator gave material that was 
spectroscopic^ ly identical to that obtained from B3. The yield 
of the imine complex, w#-[Co(tetraenim)Cl]CI 2 , obtained from 
■ B3 and B4, was «80%. The yield of the major carbinolamine 
B2, «o-j^TO,-[Co(tetraenol)Cl]Cl 2 , was *I5%. The residues 
from bands A and Bl accounted for the remaining 5% of 
material. I3 C NMR spectroscopy on the residue from band 
A revealed that several compounds were present. Attempts to 
separate the compounds present in the small quantity of resi- 
due proved unsuccessful. Comparison of the NMR data with 
the results obtained from subsequent experiments revealed the 
major component of the residue obtained from band A to be 
^o-^w a -[Co(tetraenol)Cl]Cl 2 . Both ex<?-,!f/?7 r [Co(tetraenol )C1]- 
Cl 2 and m#"-[Co(tetraenim)Cl]Cl 2 could be obtained as their 
[ZnCl 4 ] 2 ~ salts by dissolution in 1 M HC1, addition of 1 equiv- 
alent of 2nCl 2 and then reducing the volume of the solution. 

exo-ffm s -[Co(tetraenol)Cl]ZnCl 4 -2H;0 (B2). UV/vis: 364 
(127), 476 (118), 532 (118). Anal, calcd. for QH 23 N 5 Cl 5 CoOZn- 
2H 2 0: C, 17.70; H, 5.01; N, 12.90%. Found: C, 17.95; H, 5.01; 
N, 12.61% ! H NMR in dilute DCI (1 M): 3 2.65 (m, 2H), 2.95 
(m, 4H), 3.15 (m, 5H), 3.4 (m, 2H), 3.65 (m, 1H), 4.55 (d, 1H), 
4.65 (br, 1H), 5.54 (br t 1H), 5.80 (br, 2H), 6.10 (br, 1H), 6.60 (br, 
1H), 7.05 (br, 1H). 13 C NMR in dilute DCI (10 mM): 3 929 
(CHOH), 55.2, 54.1, 51.1, 50.4,48.7, 48.6,48.4 (CHJM). 

mjf-[Co(tetraenim)Cl]ZnCl 4 (£3 and B4). UV/vis: 356 
(116), 476 (128) (lit., 4 * 350 (128); 474 (127). IR v(C=N) 1678 
cm"' (lit., 4 * 1680 cm" 1 ). Anal, calcd. for C 8 H 21 N 5 Cl 5 Co2n: C, 
19.65; H,4.33;N, 14.33%. Found: C, 19.76; H,4.54; N, 14.14%. 
l H NMR: 3 2.68 (m, 2H), 3.1 (m, 5H), 3.3 (m, 1H), 3.52 (m, 
1H), 3.97 (m, 1H), 4.16 (m, 1H), 4.28 (m, 1H), 4.39 (m, 2H), 5.2 
(br,2H), 5.5(br,lH), 5.8 (br, I H), 6.5 (br, lH),6.6(br, 1H),8.14 
(s, 1H). »C NMR: 3 183.4 (CH=N), 58.6, 57.1, 56.2, 55.7, 55.5, 
55.4, 45.0 (CH 2 N). 

Preparation of car binola mines. /m,-[Co(trien)(NH 2 CH 2 CH- 
(OCHjCHjJJClJCla (3.00 g) was dissolved in aqueous hydro- 
chloric acid (1 M, 50 mL) and left to stand at room temperature 
for 24 hours. Aqueous NaOH (1 M, 45 mL) was added slowly 
with stirring. The pH was adjusted to 6.2 ± 0.1 by dropwise 
addition of aqueous NaOH (0.1 M). After 15 minutes the reac- 
tion was quenched by addition of aqueous hydrochloric acid 
(0.1 M, 100 mL). This solution was adsorbed directly onto 
an H + -form Dowex 50WX2-400 column (14 x 3 cm) that had 
been prewashed with aqueous hydrochloric acid (1 mM). The 
column was eluted with aqueous hydrochloric acid (0.5 M) to 
remove cobalt(n), and then with aqueous hydrochloric acid 
(1.0 M) to remove a broad red band from the column. This 
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band was collected in fractiory^Sjch fraction was taken to dry- 
ness on a rotary evaporator anl^i mixtures characterised using 
l3 C NMR spectroscopy. Five compounds were present: exo- 
/m B -[Co(tetracnol)C]]C] 2 ; c.v^m a -[Co(tetraenoI)Cl]Cl : : ,3 C 
NMR: 6 93.5 (CHOH), 59.4, 55.8, 52.7, 52.2, 51.6, 49.2, 46.6 
(CH 2 NH 2 ); i3 C NMR resonances were assigned to three other 
compounds: 6 91.8 (CHOH), 61.5, 57.3, 56.5, 55.7, 51.8, 45.4 
(CH 2 NH 2 ), 41.7 (CH 2 NH 2 ); 85.8 (CHOH), 55.5, 55.1, 50.7, 
50.6, 48.8, 44.2 (CH 2 NH 2 ), 40.5 (CH 2 NH 2 ); 85.4 (CHOH). (No 
other resonances could be observed due to spectral congestion.) 

Resubmission of exo-ffm % -lCo(tctrneno\)C\]ZnC\ 4 to reaction 
conditions. ex0-^m r [Co(tetraenol)Cl]ZnCl 4 (0.20 g, 0.4 mmol) 
was dissolved in H 2 0 (20 mL). The pH was adjusted and main- 
tained at 6.2 ± 0.1 with aqueous pyridine (0.1 M) for three 
hours. The reaction mixture was diluted to 100 mL with 
aqueous hydrochloric acid (10 mM). The solution was then 
adsorbed onto an H + -form Dowex 50WX2-400 column (14 x 
5.5 cm) which had been pre-washed with aqueous hydrochloric 
acid (10 mM). The column was washed with HC1 (0.5 M, 
300 mL), followed by HC1 (1.0 M, ~2 L), during which time 
three bands were eluted. The first band (red) was spectroscopic- 
ally identified as the exo-^,-[Co(tetraenol)Cl] 2+ ion. The 
second band (red) was spectroscopically identical to the starting 
material, exo-ffm s -[Co(tetra.Qno\)C\] 2 * . The third band (orange) 
was taken to dryness on a rotary evaporator at 80 °C HC1 (1.0 
M) was added and the solution was again taken to dryness at 
80 °C. The residue from the third band was found to contain 
two compounds (by 13 C NMR) which were spectroscopically 
identical to the starting material and the imine m#"-[Co(tetra- 
enim)CI] 2+ . The ratio of the two compounds in the third 
band was determined by integration of NMR spectra. Yields 
(crude): ex<?-^K a -[Co(tetraenol)Cl]CI 2 : 0.01 g, 6%; exo-ffm s -[Co- 
(tetraenol)Cl]Cl 2 : 0.12 g, 75%; w^-[Co(tetraenim)Cl]CI 2 : 0.03 g, 
19%. A small amount of the e*c^/?v[Co(tetraenol)Cl] 2+ 
ion was obtained as its [ZnCl 4 ] 2 ~ salt, but this was only 
sufficient for characterisation by NMR, and attempted crystallo- 
graphy (see below). 

Reduction of [Co(tetraenim)Cl]ZnCl 4 with NaBD 4 . [Co- 
(tetraenim)Cl]ZnCl 4 (0.20 g, 0.4 mmol) was dissolved in car- 
bonate buffer (100 mL, 1.0 g Na 2 C0 3 , 1.0 g NaHCOj) and 
stirred for 2 minutes. NaBD 4 (0.20 g, 4.8 mmol) was added to 
the solution and stirring was continued for a further 2.5 min- 
utes. The resulting orange solution was adsorbed onto a Na + - 
form Dowex 50WX2-400 column (10 x 10 cm) under suction. 
The column was washed with H 2 0 («2 L), aqueous hydrochloric 
acid (0.5 M, *2 L), and finally eluted with aqueous hydrochloric 
acid (3.0 M) to remove an orange band. The orange band 
was taken to dryness on a rotary evaporator at 35 °C under 
vacuum. The orange-red residue contained multiple isomers, 
however the major two compounds were identified as ffm % - 
[Co^etraenDJCl] 2 * and J ^m 8 -[Co(tetraenD I )(OH a )] 3+ . 

ffmrfCoftetraenDJfOH,)] 3 *. 13 C NMR: 6 60.9, 57.8, 57.1, 
56.2, 52.6 (small br peak), 51.4, 50.9, 43.5 (lit., 6 for ffm r 
[CottetraenXOHi)] 3 *: 3 61.0, 57.8, 57.1, 56.2, 52.6, 51.5, 51.0, 
43.6). 

ffm.-fCoftetraenDJCl] 2 *. 13 CNMR:J 60.1, 57.8, 57.3, 55.1, 
52.8 (small br peak), 52.3, 50.7, 44.3 (lit.,* for ffm r 
[Co(tetraen)Cl] 2+ : 60.1, 57.8, 57.3, 55.2, 52.9, 52.4, 50.8, 44.3). 

Crystal structure determinations 

The X-ray data were collected on a Siemens P4 four circle dif- 
fractometer, using a Siemens SMART IK CCD area detector 
and irradiating the sample with graphite rnonochromated Mo- 
lt, {X = 0.71073 A) X -rays. The crystal was mounted 5.5 cm 
from the detector. The data were collected by the SMART pro- 
gram 7 and processed with the help of SAINT 8 to apply Lorentz 
and polarisation corrections to the diffraction spots (integrated 



3 dimensionally)^~*\DABS y '' was used to scale the diffraction 
data, apply empik^/absorption corrections and to apply decay 
corrections if required. The structures were refined by direct 
methods, using the SHELXTL program. 9 * Hydrogen atoms 
were calculated at ideal positions and refined using a riding 
model unless otherwise stated in the text. 

Crystallographic data are shown in Table 1 . 

CCDC reference numbers 165266-165268. 

See http://www.rsc.org/suppdata/dtybl/bl04976n/ for crystal- 
lographic data in CIF or other electronic format. 

m#-[Co(tetracnim)CI]ZnCI 4 , Crystals of [Co(tetraenim)C!]- 
ZnCl 4 (red plates) were grown by vapour diffusion of methanol 
into a solution of [Co(tetraenim)Cl]ZnCI 4 in aqueous hydro- 
chloric acid (0.1 M). 

> r [Co(trien)(NH 2 CH 2 CH(OEt) 2 )Cl]Br 2 . Red needles were 
grown by vapour diffusion of acetone into a solution of [Co- 
(trien)(NH 2 CH 2 CH(OEt) 2 )Cl]Br 2 in aqueous hydrochloric acid 
(1 mM). 

exo-ffm s -[Co(tetraeno\)CilZnC\ 4 . Red blocks were grown by 
vapour diffusion of ethanol into a solution of exo-ffm^Co- 
(tetraenol)CI]ZnCl 4 in aqueous hydrochloric acid (1 mM). 

exo-ffm a -[Co(tetraeno\)C\]ZnC\ 4 . Crystals of exo-ffm t -[Co- 
(tetraenol)Cl]ZnCl 4 (overlapping red plates) were grown by 
vapour diffusion of ethanol into a solution of exo-ffm^- 
[Co(tetraenol)Cl]ZnCl 4 in aqueous hydrochloric acid (1 mM). 
The crystals proved to be twinned. Analysis of the data allowed 
us to identify the isomer that was present (from the positions 
of the non-hydrogen atoms), but a complete solution of the 
structure was not possible. 

Results and discussion 

The intramolecular condensation of coordinated aminoacet- 
aldehyde with trien was proposed by Engelhardt et ai At to gen- 
erate the novel "angular" imine structure, [Co(tetraenim)Cl] 2+ 
(2, Scheme 1). This reaction was part of a multi-step syn- 
thesis of the ift?v[Co(tetraen)Cl] 2+ and #m a -[Co(tetraen)Clf + 
complexes.*** 10 

The structural assignment of the intermediates was based 
upon UV-visible data. In particular, the diethyl acetal inter- 
mediate was assigned the fm (or (3) configuration because the 
visible absorption spectrum was much closer in appearance to 
the spectra of related complexes with the fm configuration than 
to those with the ^(or a) configuration. 4 ' l H NMR data lead to 
the proposal that the acetal complex was the fm t isomer, where 
the proton' on the meridional nitrogen donor points towards the 
axial nitrogen donor, and . away from the chloride Iigand. 
Deprotection of the acetal gave a diol complex that was 
assigned the same fm % configuration, based on spectral data that 
was essentially identical to that of the acetal. 

Base treatment of the diol complex gave a [Co(tetraenim)- 
Cl] 2+ complex, which was reduced, and then anated, to give 
predominantly the jfm % -[Co(tetTaen)C\f+ complex, together 
with a small amount of the J 0 p /w a -[Cp(tetraen)Cl] 2+ complex. 
The structures of both of these complexes have been estab- 
lished unequivocally. 11 There was little characterisation of the 
imine intermediate, but the J #m 1 -[Co(tetraenim)Cl] 2+ structure 
was proposed, primarily because it is the structure that would 
be expected if the intramolecular reaction of the car bony I had 
occurred with the coordinated amine trans to chloride. Reduc- 
tion of the imine group in the proposed structure would give the 
observed tetraen complexes. 

Six possible structures for the [Co(tetraenim)Cl] 2+ inter- 
mediate exist (Fig. 1) if the orientation of the protons on mer- 
idional nitrogen atoms and the absolute configuration of the 
complex are ignored. During the reduction of the imine derived 
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Table 1 Crystallographic data 



Compound 

Formula 

M 

Crystal system 

Space group 

a/A 

blk 

elk 

Vfk 1 

z 

77K 

id mm' 1 

Reflections 

Independent 

Observed 

Parameters refined 

*[/>2a(/)] 

Rw[I>2a{I)) 



it^crfmi 



m//-[Co( tethtcrfim)Cl]ZnCU 
C,H 2l Cl 5 CoNjZn 
488.88 
Monoclinic 
P2Jc 
10.752(5) 
9.510(4) 
17.268(7) 
91.095(5) 
1765.5(1) 
4 

163(2) 

3.05 

22056 

3597 

2910 

184 

0.022 

0.053 



/m 1 -fCo(tricn)(NH,CH J CH(OEt). 
C n H n Br 2 ClCoN 5 6, 
533.63 

Orthorhombic 
Pna2, 
14.618(7) 
18.114(9) 
7.712(4) 

2041.9(16) 
4 

163(2) 
4.899 
22915 
3577 
2751 
209 
0.045 
0.114 



w#rT r [Co(tetraenol)Cl]2nCL 

Q,H : jCl 5 CoN s OZn-CH,CH.OH 
552.92 

Monoclinic 

P2 t lc 

10.548(3) 

8.838(2) 

22.210(6) 

98.980(4) 

2045.1(9) 

4 

163(2) 

2.651 

15317 

4154 

3273 

219 

0.027 

0.059 



CE 

C 




Fig. 1 The six possible structures for the [Co(tetraenim)Cl) 3 ' 
intermediate. 



from the/m, intermediate, base hydrolysis of the chloride ligand 
meant that the final products could not be directly correlated to 
the imine from which they were derived. To solve this problem 
Engelhardt et ai Ae substituted the CP ligand with an NO/ 
ligand, with apparent retention of stereochemistry. Reduc- 
tion of this imine led to formation of #m-[Co(tetraen)- 
(NOJf* isomers, with no apparent base hydrolysis of the N0 2 " 
ligand. From this result it can be concluded that the 
[Co(tetraenim)Cl] 2+ moiety must have an identical back-bone 
to the #/7i-[Co(tetraen)X] fl+ product. The "angular" ffm-[Co~ 
(tetraenim)X]" + imine and the "planar" m#"-[Co(tetraenim)X]' ,+ 
imine (the two boxed isomers in Fig. 1) are the two isomers 
that have this backbone structure. The imine complex was 
assigned the first of these structures, based on the idea that the 
condensation would occur trans to the CI" ligand. 

We have used two methods to test the accuracy of the struc- 
tural assignment: deuterium labelling in the reduction step, and 
single crystal X-ray structure determination of the imine. 
. The [Co(tetraenim)Cl] 2+ complex was obtained using the 
method of Engelhardt et a!. 4 * The complex was isolated as the 
tetrachlorozincate salt rather than as the perchlorate salt that 
is described in the literature, but the NMR, UV-visible, and IR 
data were very similar to those described in the literature. 

X-Ray quality crystals of the [Co(tetraenim)Cl]ZnCl 4 com- 
plex were grown by vapour diffusion of methanol into an acid- 
ified solution of the complex, and the resulting structure is 
shown in Fig. 2. The most significant feature of this structure is 
that it is the m/isomer, with a meridional "planar" imine, and 
not the "angular" imine proposed in the literature. 4 ' The signifi- 
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Fig. 2 X-Ray crystal structure of the m J $ r -[Co(tetraenim)Cl] 3+ cation. 
The [ZnCI 4 ] 2 " has been omitted, as have most of the hydrogen atoms, 
for clarity. Selected atomic distances (A): Col-Nl 1.9741(18), Col-N2 
1.8842(19), Col-N3 1.9509(18), CoI-N4 1.9628(17), Col-N5 
1.9645(18), Col-Cll 2.2517(9), N2-C2 1.262(3), other N-C 1.47-1.50. 
Selected bond angles (*): C2-N2-C3 125.2, C2-N2-Col 1 18.3, C3-N2- 
Col 116.1, N2-C2-C1 116.2, Selected torsion angles (°): C3-N2-C2- 
CI 174.7, Col-N2-C2-Cl 1.4. 

cantly shorter length of the N2-C2 bond (1.262(3) A) with 
respect to the other N-C bonds (1.47-1.50 A) identifies this as 
the imine group. The three angles around the N2 atom sum 
to *360°, and the torsion angles. Col-N2-C2-Cl (1.4°) and 
C3-N2-C2-C1 (174.7°) are all consistent with the imine being 
approximately planar. The single hydrogen atom attached to 
carbon C2 was found in the electron difference map and refined 
using a riding model. 

Reduction of [Co(tetraenim)Cl] 2+ with NaBD 4 gave a mix- 
ture of compounds. The dominant species in the mixture were 
the #m,-[Co(tetraenD 1 )(OH 1 )] I+ and ^.-[CoaetraenDOCl] 2 * 
complexes. Only one resonance in each of the "C NMR spectra 
for the ^-[CoOetraenDJCOHjr and #m I -[Co(tetraenD 1 )- 
Cl] 2+ complexes exhibited diminished intensity by compar- 
ison with the same peak in the NMR spectra of the NaBH 4 
reduction products. 

The 13 C NMR spectrum was complicated by the presence 
of small amounts of ^m.-fCoCtetraenDOXf + isomers in the 
deuteride reduced product. Furthermore deuteride addition to 
the imine carbon atom introduces another stereogenic centre, 
and results in a mixture of isomers being produced. The intro- 
duction of additional chirality will produce subtly different 
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Fig. 3 X-Ray crystaJ structure of the //M I -[Co(trien)(NH 2 CH 2 CH- 
(OEt) 2 CIJ 2+ cation. Hydrogen atoms and the two bromide anions have 
been omitted for clarity. Selected atomic distances (A): Co-Nl J .965(6), 
Co-N2 1.950(6), Co-N3 1.937(6), Co-N4 1.966(7), Co-N5 2.010(6), 
Co-Cll 2.296(2). 




Fig. 4 X-Ray crystal structure of the exo- J ^m i -[Co(tetraenol)Cl] 2+ 
cation. The [ZnCl 4 ] 2 ~ anion, the ethanol of crystallisation and most of 
the hydrogen atoms have been omitted for clarity. Selected atomic 
distances (A): Coi-Nl 1.974(2), Col-N2 1.966(2), Coi-N3 1.970(2), 
Col-N4 1.939(2), Col-N5 1.968(2), Col-CU 2.2664(8), 01-C2 1.397(3), 
N2-C2 1.508(3), other N-C 1.47-1.52. 
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chemical shifts for each diastereoisomer, with the chemical shift 
of the deuterated carbon atom being most affected. The result- 
ing overlap of the signals assigned to the deuterated carbon 
atom, and overlap with other signals in the spectrum, precluded 
the straight-forward determination of the 13 C- 2 H coupling con- 
stants. However, Jackson's assignment 6 of the l3 C NMR spec- 
trum for the ^m.-fCoCtetraenXOHj)] 3 * complex allowed us to 
identify the site of deuteration as the carbon atom adjacent to 
the meridional amine. This result, obtained for the bulk sample, 
is consistent with the imine location derived from the X-ray 
diffraction experiments on the single crystal. 

The structure determination demonstrates that the portion 
of the imine ligand that was derived from the initial trien ligand 
adopts the ^-configuration around the metal ion. This is the 
same configuration as that of the original starting material, 
ff-[Co( k Xn&n)C\ 7 ] + , but the intermediate acetal complex was 
assigned the /m-configuration in the earlier work. This means 
that either the structural assignment of the acetal intermediate 
is incorrect, or that the polyamine ligand wrapping undergoes 
at least two rearrangements during the reaction sequence. 

Considerable effort was spent in attempts to grow X-ray 
quality crystals of the known [Co(trien)(NH 2 CH 2 CH(OEt) 2 )- 
Cl]Br 2 complex. Success was ultimately achieved by vapour dif- 
fusion of acetone, into an acidified solution of the complex. 
The resulting fine needles were only just large enough for the 
purpose. The result of the structure determination is shown in 
Fig. 3. The most significant feature of this structure is the wrap- 
ping of the trien backbone, which is the same as that proposed 
by Engelhard t et al. 4 ' Thus, it appears that the polyamine back- 
bone does indeed rearrange at least twice during the reaction 
sequence. 

The observation of several minor bands during the ion 
exchange chromatographic purification of the imine complex 
and the isolation of a new carbinolamine complex from one 
of them lead us to consider the possibility of being able to 
isolate intermediates from the condensation reaction. Quench- 
ing the reaction after short reaction times demonstrated that 
the carbinolamines were a major component of the reaction 
mixture prior to formation of significant amounts of the imine 
complex. These are complexes that have been prepared for the 
first time. 

The structure of the major carbinolamine, exo-ffm s -[Co- 
(tetraenol)Cl]ZnCl 4 , was determined by X-ray techniques and is 



shown in Fig. 4. This is one of the carbinolamines that would 
result from the reaction of the carbonyl group (that would be 
present in small amounts as a result of dehydration of the diol) 
with the primary amine coordinated trans to the chloride ligand 
in the starting material. Other carbinolamines would result 
from the primary amine approaching the other face of the car- 
bonyl group, from epimerisation of the meridional secondary 
amine, 'and from reaction of the carbonyl group with the 
secondary amine that is also coordinated cis to the amino- 
acctaldehyde ligand. I3 C NMR signals that can be assigned to 
such molecules were detected in spectra of mixtures that were 
obtained from ion exchange chromatographic experiments. 

Subjecting the isolated carbinolamine complex to the reac- 
tion conditions resulted in the production of some of the 
known imine complex, ™^-[Co(tetraenim)Cl] 2 "\ and some of 
the N-H epimeric carbinolamine, e.xc>-^v[Co(tetraenoI)Cl] 2+ , 
but approximately 75% of the material was recovered un- 
changed. It was noted that the imine complex was only present 
in the aquated material that was removed from the column in 
the second band and subsequently anated. We infer from this 
that a ligand exchange reaction may be required during the 
rearrangement of the polyamine backbone to give the final 
product. This would be consistent with the edge displacement 
mechanism for ligand rearrangement reactions. 12 

The carbinolamine is clearly a competant intermediate for 
the reaction, but the rate of the reaction would appear to be 
somewhat less than that of the deprotected acetal. We attribute 
this to the presence or absence of cobalt(u) in the reaction mix- 
tures. Cobalt(u) was detected following ion exchange chrom- 
atography of the acetal reaction mixture, but not following the 
resubmission experiment. The cobalt(n) ions may catalyse the 
rearrangement that is required to form the imine complex, 
probably by enhancing the rates of ligand exchange reactions. 
We speculate that the cobalt(n) ions that we detected in the 
acetal reaction mixture are the result of redox chemistry of the 
pendant aldehyde that will be present in small amounts follow- 
ing deprotection of the acetal. Such reactivity would not be 
expected in the case of the carbinolamine complex. 

The second carbinolamine was identified as the N-H epimer 
of the starting material through an incomplete X-ray structure 
determination. Twinning of the crystals prevented a complete 
solution being obtained, but the relative positions of the 
non-hydrogen atoms were established, and we believe that this, 
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together with the NMR data, is sufficient to identify the com- 
pound. Production of the N-H epimer is not surprising given 
that the reaction conditions are such that the amine protons 
would exchange with solvent and, in doing so, provide a 
mechanism by which inversion at nitrogen could occur. The 
NMR data allowed us to establish that this compound was also 
present in small amounts in the original imine synthesis. 

We believe that the isolation and characterisation of these 
carbinolamine intermediates puts us in a position to propose a 
mechanism by which the ^-[Co(tetraenim)CI] 2+ complex may 
be formed from the isolated acetal complex. The /m^acetal 
complex is deprotected stereoretentively, and the resulting diol 
dehydrates, producing an aldehyde that is able to undergo a 
condensation reaction with the coordinated amines. The pro- 
posed mechanism is shown in Scheme 2. The predominant 
pathway (identified by the broad arrows) is condensation with 
the primary amine trans to the chloride ligand to give the exo- 
#/w r [Co(tetraenol)Cl) 2+ complex, since the protons on this 
amine will be more acidic than those on the other coordinated 
amines. It is quite likely that at least some reaction occurs 
through addition of the amine to the opposite face of the car- 
bonyl group, generating the emfc-#/n,-[Co(tetraenol)Cl] 2+ com- 
plex. Epimerisation of the meridional nitrogen donor would 
give rise to the two ^.-complexes. There is some prospect that 
a small amount of condensation occurs with the secondary 
amine that is cis to the aminocarbonyl ligand, possibly in the 
case where chloride ligand exchange precedes the condensation 
reaction. This is not shown in Scheme 2, but there is precedent 
for this in the literature. 41 ' 

In all of these cases the resulting carbinolamine is unable to 
dehydrate to form an imine, either because the preferred planar 
geometry cannot be achieved (due to the location of the donor 
atoms adjacent to the carbinolamine nitrogen atom), or 
because the nitrogen atom lacks a proton that can be removed 
in the elimination of water. Edge displacement isomerisation 
can occur via ligand exchange pathways, and this, together with 
epimerisation of the meridional secondary amine, allows each 



of the secondary carbinolamines to achieve a geometry in 
which elimination of water can occur. This results in the mff- 
[Co(tetraenim)(OH 2 )] 3+ imine complex, which is then anated 
during the workup procedure. These ligand exchange reactions 
would be catalysed by the presence of cobalt(n) ions, thereby 
explaining the slower reaction rates that were observed in the 
resubmission experiments. 



Conclusion 

Engelhardt et aL 4 * may have misidentified one of the imine 
complexes that they synthesised, but the key principles that they 
put forward are still valid, and indeed the somewhat more com- 
plex mechanism that we propose for the formation of the imine 
complex is entirely consistent with their thesis. The conden- 
sation reaction does indeed appear to proceed predominantly 
with the amine bearing the most acidic protons (provided it is 
coordinated cis to the carbonyl containing ligand). The key 
corollary that we would like to add to this is that the dehydra- 
tion to form the imine will only occur if the resulting imine can 
adopt a planar geometry. If the geometry of the carbinol- 
amine is such that the dehydration is prevented, the complex 
will undergo backbone rearrangements in order to reach a 
geometry in which the dehydration reaction can occur. 
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